Abstract: Based on the standard Gaisser's formula, a modified parametrization for the sea-level cosmic-ray muon flux is introduced. The modification is verified against experimental results. The average vertical cosmic-ray muon intensity as a function of depth of standard rock is simulated using the modified formula as input to the MUSIC code. The calculated muon intensities is consistent with the experimental measurements.
Introduction
In 1990, Gaisser introduced a formula for describing the cosmic-ray muon flux at sea-level [ (1) where I µ is the differential flux in units of cm −2 s −1 sr −1 , E µ is the muon energy in GeV, and θ is the zenith angle. This formula can be used for calculating muon-induced background for various underground experiments, such as neutrino experiments, double-β decay experiments, dark matter search experiments, and the like. However, this standard Gaisser's formula is only valid under the following two conditions [2]:
1. the curvature of the Earth can be neglected (θ < 70 • ).
2. muon decay is negligible (E µ > 100/cosθ GeV ).
In this note, we suggest a modified parametrization that can overcome these shortcomings.
Modified parametrization
As stated in condition 1 in the introduction, the standard Gaisser's formula cannot be applied to all zenith angles. According to references [3] [4], when taking the curvature of the Earth into account, the observed zenith angle on the ground, θ, and the zenith angle at the production point of the muon in the atmosphere, θ * , are different. Figure 1 illustrates the relation between these two angles. Chirkin (originally tabulated in Volkova (1969)) [5] pointed out that the quantity cos(θ * ) can be related to * This work was partially supported by the National Natural Science Foundation of China (10535050) 
(2) where P 1 , P 2 , P 3 , P 4 , and P 5 are parameters given in Table 1. Equation 2 is indeed a convenient parametrization of the effect of the Earth curvature. To validate the modified parametrization, Equation 3 was used to generate the cosmic-ray muon flux at sea level which then served as the input to the MUSIC code [11] for transporting the simulated muons to a specific depth of standard rock. The predicted muon flux is compared to the experimental data of vertical muon intensity at different depths of rock overburden in Figure 3 , where the data are taken from Reference [12] . The simulated results and experimental data agree well. 
Conclusion
We have obtained a modified Gaisser's formula that extends the range of applicability to all zenith angles and lower energies. The new parametrization can be used conveniently and reliably for representing the cosmic-ray muon distribution at sea level for ground detectors, as well as for underground experiments after it is coupled to a software package for transporting the surface muons.
